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心電追従した下肢電気刺激による
血流促進システムの開発と基礎評価
DEVELOPMENT AND BASIC EVALUATION OF A SYSTEM FOR PROMOTING






In recent years, people have been forced to sit for a long time in various life scenes. Sitting posture for
a long time causes stagnation of the blood flow of the leg, and causes the thrombus. And, this thrombus
circulates in the body, causing pulmonary thromboembolism. To overcome these problems, a method has
been proposed in which electrical stimulation is applied to the muscles of the lower extremities, repeatedly
contracting and relaxing, and blood pumping action is used to promote blood flow. In conventional study,
the stimulation was given at a fixed cycle. On the other hand, in this study, the hypothesis that the circulation
of the blood can be promoted by the stimulation in the timing in which the blood is sent to the stimulation
position after the heart beats is made, and the technique for the stimulation in the timing which is linked
with the heartbeat of the heart is proposed.













































Fig.1 世界 20ヵ国における平日の座位行動時間 [1]
Fig.2 成人の一日の覚醒時間における各強度の身体活動およ
び座位行動の占める割合 [1]


























































Table 1 血流促進手法の比較 [3,5,6,7,8,9]
Vibration Heat Pressure Electrical
Size × Big ○ Small × Big ○ Small
Cost × Expensive ○ Reasonable × Expensive ○ Reasonable
Obstruction to work × Yes ○ No × Yes ○ No
























で扱う計測システムから得られる血流速度電圧 V f low[V]
から血流速度 v[mm/s]を求める変換式を (1)示す．






























































































Table 2 実験結果 (ベースラインと比較した刺激後の平均血流速度の増加率)
Subjects nth time Measurement points Constant ∆t − 1.5σ ∆t ∆t + 1.5σ
Artery 1.08 0.87 0.88 0.92
1
Vein 0.96 1.30 1.08 1.03
Artery 1.10 0.45 1.39 0.89
2
Vein 0.92 1.02 0.95 1.01
Artery 0.88 1.09 0.90 1.61
3
Vein 0.97 1.02 0.96 0.98
Artery 0.99 0.73 1.23 1.03
A
4
Vein 0.96 1.30 1.08 1.03
Artery 0.86 0.94 1.01 1.10
1
Vein 1.02 1.31 0.92 1.10
Artery 0.96 6.68 0.87 0.92
2
Vein 1.44 1.51 1.12 0.92
Artery 0.96 1.01 1.00 1.01
3
Vein 0.62 1.05 0.87 1.83
Artery 1.09 1.08 0.95 1.01
B
4
Vein 1.29 1.74 0.68 0.85
Table 3 実験環境
Temperature 23.7 ± 0.9℃
Atmospheric pressure 1022 ± 6.0 hPa
Humidity 29.5 ± 7.2 %
パラメータ 1: ∆t − 1.5σ (α = −1.5σ)
パラメータ 2: ∆t (α = 0)





動脈を 3分間とり，∆t と σを毎回，算出した．また，
上記の遅れパラメータの有効性を確認するため，比較
対象として以下のパラメータ 4でも実験を行った．
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